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1. A sm a ll  p e rc e n ta g e  o f  houses  s e l e c t e d  

a t  random i n  s p r a y e d  a r e a s  was i n s p e c t e d  
to  d e te r m in e  th e  r e s u l t s  o f  t h e  s p r a y  in  
k e e p in g  h o u se s  f r e e  o f  r e s t i n g  A. quadri-  
m acula tus .  A t t h e  t im e  o f  e a c h  house  i n ­
s p e c t i o n ,  t h e  number o f  q u a d r i m a c u l a t u s  
i n  an a d j a c e n t  f a v o r a b l e  r e s t i n g  p l a c e  
a l s o  was d e t e r m i n e d  t o  o b t a i n  a g e n e r a l  
in d e x  t o  m o s q u i to  abundance  on t h e  p rem ­
i s e s .  B a r n s  w ere  u s e d  p r i n c i p a l l y  f o r  
th e  l a t t e r  p u r p o s e .  A number o f  s i m i l a r  
h ouse  and o u t b u i l d i n g  e x a m i n a t i o n s  a l s o  
were made in  unsprayed a re a s  f o r  comparison.

2. P r e c i p i t i n  t e s t s  were  made o f  b lo o d  
from engorged  specim ens o f  quadrimacula tus  
c o l l e c t e d  from sp ra y e d  and u n sp ra y e d  a r e a s  
i n  o r d e r  to  d e t e r m i n e  t h e  e f f e c t  o f  t h e  
sp ray  in  red u c in g  the  numbers o f  m osquitoes  
which fe e d  on man and p e r s i s t  a b o u t  prem­
i s e s .  T h is  method o f  e v a l u a t i n g  r e s u l t s  i s  
b a se d  on th e  s u p p o s i t i o n  t h a t  quadrimacu-  
l a t u s  f e e d s  on man p r i n c i p a l l y  w h i l e  
in d o o rs .  I f  th e  sp ray  i s  having th e  d e s i r e d  
e f f e c t  i n  k i l l i n g  t h e s e  human f e e d e r s ,  
t h e  q u a d r i m a c u l a t u s  p o p u l a t i o n  a b o u t  
s p r a y e d  p r e m i s e s  s h o u l d  c o n t a i n  f e w e r  
h u m a n - f e d  s p e c i m e n s  t h a n  i s  t h e  c a s e  
n o r m a l l y .

T a b le  I  su m m arize s  t h e  r e s u l t s  o f  t h e

a ta  on the e f f e c t  of the DDT r e s id u a l  
d iscussed .  I t  i s  the purpose of t h i s

s measured by entomological c r i t e r i a .

D u rin g  th e  1946 se a so n  t h e  Communicable 
D is e a s e  C e n te r  o f  th e  U. S. P u b l i c  H e a l th  
S e r v ic e ,  i n  c o o p e r a t i o n  w i t h  S t a t e  H e a l th  
D e p a r tm e n ts  i n  t h e  S o u t h e r n  S t a t e s  c o n ­
t i n u e d  and ex p a n d e d  th e  E x te n d e d  Program  
f o r  m a l a r i a  c o n t r o l  w hich  was begun  d u r ­
i n g  1945 . T h i s  p ro g ra m  c o n s i s t s  p r i n c i ­
p a l l y  o f  t h e  s p r a y i n g  o f  DDT i n  h o u s e s  
t o  c o n t r o l  m a l a r i a  i n  t h e  more i m p o r t a n t  
endemic a r e a s  o f  the  S o u th ,  and t o  meet th e  
t h r e a t  o f  i n c r e a s e d  m a l a r i a  t r a n s m i s s i o n  
o c c a s io n e d  by th e  r e t u r n  o f  s e r v i c e  p e r ­
s o n n e l  who c o n t r a c t e d  t h e  d i s e a s e  o v e r ­
s e a s .  D u r in g  1945 th e  h o u ses  and p r i v i e s  
on some 4 0 ,0 0 0  p r e m i s e s  w e re  g i v e n  one 
o r  m ore  t r e a t m e n t s  w i t h  DDT e m u l s i o n  
a p p l i e d  a t  t h e  r a t e  o f  100 mg. o f  DDT per 
s q u a r e  f o o t .  O ver 7 5 0 ,0 0 0  h o u s e s  i n  266 
c o u n t i e s  o f  13 s t a t e s  were t r e a t e d  d u r in g  
th e  1946 s e a s o n  w i t h  a s i m i l a r  number o f  
r e s i d u a l  a p p l i c a t i o n s  o f  DDT. I n  1946 , 
h o w e v e r ,  t h e  DDT a p p l i c a t i o n  r a t e  was 
d o u b l e d ,  t h a t  i s ,  200 mg. w e re  a p p l i e d  
p e r  s q u a r e  f o o t  i n  an e f f o r t  t o  s e c u r e  a 
lo n g e r  l a s t i n g  r e s i d u a l  e f f e c t  and th e re b y  
d e c r e a s e  th e  f r e q u e n c y  o f a p p l i c a t i o n .

The r e s u l t s  o f  t h i s  work w ere  m easu red  
by e n to m o lo g ic a l  c r i t e r i a .  These  m easu re ­
m en ts  w ere  o f  two t y p e s :

* In the preceding paper by Dr. Link, aT a ilab le  d 
spray in reducing m alaria  have been presented and 
paper to p resen t  some of the r e s u l t s  of the work a
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Table I

HOUSE INSPECTIONS ON RESIDUAL SPRAY PROGRAM. TOTAL TREATED 
HOUSES INSPECTED AND PERCENT FREE OF A. QVADRIMACVLATUS IN

AFTERNOON.

MONTHS
AFTER

SPRAYING

1946 1945*
NUMBER
HOUSES

INSPECTED

HOUSES FREE OF A. QUAD. PERCENT OF HOUSES FREE

NUMBER PERCENT
Ur A, (JJADRIMACULATbS 

(F o r  Comparison)

1 6,018 5,969 99.19 98.9
1 - 2 6 ,739 6,673 99.02 98 .3
2 - 3 5 ,321 5,271 99.06 95.7
3 - 4 2 ,974 2,935 98.22 94.7
4 - 899 883 98.22 94.2

TOTAL 21,951 21,731

PERCENT 99.00 97 .2

l f Bnniiey’ ■j ' H;' a”d Fritz- R°y F- 1946. E ntom olog ica l  e r a l u a t i o n  
S o c . 5 - 141- 145 *praying f o r  c o n t r o l .  J o u r n . N a t ’ l  M a l a r i ,

1946 s p r a y in g  o p e r a t i o n s  in  keep ing  houses 
f r e e  o f  r e s t i n g  a n o p h e l i n e s .  O f 6 ,0 1 8  
h o u s e s  i n s p e c t e d  up t o  one month a f t e r  
s p r a y i n g ,  o n l y  49 o r  0 . 8 1  p e r c e n t  c o n ­
t a i n e d  a n o p h e l i n e s ;  t h u s  9 9 .1 9  p e r c e n t  
o i  th e  t r e a t e d  h o u s e s  w ere  fo u n d  t o  be 
i r e e  o l  t h e s e  m o s q u i t o e s .  At i n t e r v a l s  
o i  1 t o  2 ,  2 t o  3 , 3 t o  4 ,  a n d  o v e r  4 
m o n th s ,  a f t e r  s p r a y i n g ,  th e  p e r c e n t a g e s

Premise sp ray ing  in s id e  homes and o the r  b u i l d ­
in g s  i s  t h e  p r i n c i p a l  m ethod  u se d  in  th e  
Extended M a la r ia  Con tro l  Program.

o i  sp rayed  houses w ith  m osqu itoes  in c re a s e d  
s l i g h t l y ,  b u t  even a f t e r  4 months A. quad- 
r i m a c u l a t u s  was found  i n  o n ly  1 .7 8  p e r ­
cen t  o f  the  sp rayed  h o u ses .  For comparison, 
the  p e rc e n ta g es  o f  q u adr im acu la tu s -po s i t iv e  
h o u se s  a t  s i m i l a r  i n t e r v a l s  a f t e r  s p r a y ­
in g  d u r i n g  t h e  1945 s e a s o n  a r e  shown in  
t a b l e  I .  As has  been s t a t e d ,  an a p p l i c a ­
t i o n  o i  o n ly  100 mg. DDT per  s q u a r e  f o o t  
was u s e d  d u r i n g  1 9 4 5 ,  w h i l e  t h e  1946 
a p p l i c a t i o n  r a t e  was 200 mg. p e r  s q u a r e  
l o o t .  The e f f e c t  o f  t h e  h e a v i e r  d o s a g e  
i n  i n c r e a s i n g  th e  d u r a t i o n  o f  sp ra y  e f f e c ­
t i v e n e s s  i s  c l e a r l y  i n d i c a t e d  by  t h e  
s m a l l e r  p e r c e n t a g e s  o f  q u a d r i m a c u l a t u s -  
p o s i t i v e  h o u se s  o c c u r r i n g  i n  e a c h  s p r a y -  
a g e  g r o u p  d u r i n g  1 9 4 6 .  I n  a l l ,  2 1 ,9 5 1  

sp rayed  houses  were i n s p e c te d  d u r in g  1946, 
o f  which o n ly  a p p ro x im a te ly  1 p e r c e n t  was 
fo u n d  t o  c o n t a i n  m o s q u i t o e s .  T h i s  com­
p a r e s  w i th  2 .8  p e r c e n t  o f  s p r a y e d  h o u se s  
p o s i t i v e  f o r  m o sq u i to e s  i n  1945 when the 
l i g h t e r  DDT a p p l  i c a t i o n  was made.

INSPECTION RECORDS

I n  t a b l e  I I  t h e  i n s p e c t i o n  r e c o r d s  o f  
b o t h  s p r a y e d  an d  u n s p r a y e d  h o u s e s  a r e
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summarized and a r r a n g e d  t o  show the  number 
o f  h o u s e s  i n s p e c t e d  on p r e m i s e s  h a v i n g  
v a r i o u s  d e n s i t i e s  o f  qua dr imacu la tus , as  
i n d i c a t e d  by  t h e  nu m b e r  o f  A n o p h e l e s  
o c c u r r i n g  i n  f a v o r a b l e  u n s p r a y e d  r e s t i n g  
p l a c e s  on t h e  p r e m i s e s ,  and t h e  p e r c e n t ­
age o f  ho u ses  h a r b o r i n g  t h e s e  m o s q u i t o e s  
i n  e a c h  of  t h e s e  d e n s i t y  g ro ups .  I n c l u d e d  
i n  t h i s  t a b l e  a r e  r e c o r d s  of  i n s p e c t i o n s  
o f  t h e  2 1 , 9 5 1  s p r a y e d  a n d  o f  1 , 6 3 9  u n ­
s p rayed  hou ses .  Hie l a t t e r  show th e  e x t e n t  
o f  norma l  house  i n f e s t a t i o n  i n  th e  p r e s ­
enc e  o f  t h e  v a r i o u s  quadrimaculatus  d e n ­
s i t i e s .  F or  b o t h  s p r a y e d  and u n s p r a y e d  
a r e a s ,  ho u ses  were c o n s i d e r e d  quadrimacu-  
l a t u s  p o s i t i v e  o n l y  when m o s q u i t o e s  were 
found  i n  them d u r i n g  t h e  a f t e r n o o n .  How­
e v e r ,  h o u s e s  found  n e g a t i v e  i n  t h e  morn­
in g  have  been  presumed t o  be n e g a t i v e  i n  
the a f t e r n o o n  a l s o .  The d a t a  c l e a r l y  i n d i ­
c a t e  t h e  e f f e c t i v e n e s s  o f  t h e  s p r a y  i n  
k e e p i n g  p r e m i s e s  f r e e  o f  r e s t i n g  m osqu i ­
t o e s .  As m i g h t  be e x p e c t e d ,  a s  t h e  d e n ­
s i t i e s  o f  m o s q u i t o e s  a b o u t  p r e m i s e s  i n ­
c r e a s e ,  t h e  p e r c e n t a g e  o f  h o u s e s  w i t h  
m o s q u i t o e s  a l s o  i n c r e a s e s  t o  a s l i g h t  
e x t e n t .

S e l e c t i o n  o f  a r e a s  f o r  r e s i d u a l  s p r a y  
o p e r a t i o n s  h a s  been ba se d  on m a l a r i a  r a t e s

§
:«

S p ra y in g  w a l l s  o f  r u r a l  s c h o o l s .

r a t h e r  t h a n  on quadrimaculatus  d e n s i t i e s .  
However ,  i t  i s  o f  i n t e r e s t  t h a t  o f  t h e  
21 , 95 1  s p r a y e d  houses  i n s p e c t e d ,  6 ,9 9 5  o r  
32 p e r c e n t  w e re  i n  a r e a s  h a v i n g  p r e m i s e  
d e n s i t i e s  i n  th e  groups  above  10,  w h i l e  o f  
t h e  1,639 u n sp ra y e d  houses  i n s p e c t e d  on ly  
241 o r  15 p e r c e n t  were  i n  t h i s  c a t e g o r y ;  
t h u s ,  i n d i c a t i n g  t h a t  i n  t h o s e  a r e a s  i n  
which r e s i d u a l  s p r a y  work  has  been c a r r i e d  
on,  t h a t  i s ,  i n  t h e  more m a l a r i o u s  a r e a s ,  
Anopheles  d e n s i t i e s  a r e  i n  g e n e r a l  h i g h e r  
t h a n  i n  a r e a s  n o t  s e l e c t e d  f o r  t h e  work.

Table  I I

HOUSE INSPECTIONS ON RESIDUAL SPRAY PROGRAM

NUMBER OF HOUSE INSPECTIONS IN VARIOUS QUADRIMACULATUS DENSITY 
GROUPS IN SPRAYED AND UNSPRAYED AREAS AND PERCENT OF AFTERNOON 

QUAD.-POSITIVE HOUSES

No. houses  
i n s p e c t e d

NATURAL RESTING PLACE QUADRIMACULATUS DENSITIES
0-10 11-50 51-100 I 101-200 201-400 I 400- All

14956 4693 1151

Sprayed A 

561

r e a s

348 242 21951
No. w i t h  A. quad. 79 63 28 17 13 20 220
P e r c e n t 0 .5 1.3 2 .4 3 .0 3 .7 8 .3 1 .0

No. houses 
i n s p e c t e d 1398 177

I

34

nsprayed

9

\ r e a s

12 9 1639
No. w i th  A. quad. 99 77 13 7 6 6 208
Percent ' 7 . 1 43.5 38.2 777.8 50.0 66.7 12.69
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The numbers  o f  m o s q u i t o e s  w hich  have 
been  found i n  s p r a y e d  houses d u r i n g  a f t e r ­
noon i n s p e c t i o n s  have been smal l ,  a ver ag in g  
l e s s  t h a n  2 m o s q u i t o e s  p e r  house f o r  t h e  
220 a f t e r n o o n  p o s i t i v e  h o u s e s .  A l s o ,  i t  
i s  q u i t e  l i k e l y  t h a t  n o t  a l l  o f  t h e s e  mos­
q u i t o e s  w i l l  s u r v i v e  s i n c e  we may assume 
t h a t  some o f  them w i l l  s h i f t  from a non- 
l e t h a l  t o  a l e t h a l  s u r f a c e  d u r i n g  t h e  
e v e n i n g  p r o v i d i n g  t h e  h o u s e  h a s  b e e n  
p r o p e r l y  s p r a y e d .

Co n ce rn in g  th e  r e d u c t i o n  o f  quadrimacu-  
l a t u s  p o s i t i v e  h o u s e s  f r o m  m o r n i n g  t o  
a f t e r n o o n ,  we have r e c o r d s  o f  175 s p r a y e d  
h o u s e s  in  which a t o t a l  o f  318 m o s q u i t o e s  
were found  d u r i n g  t h e  morning .  Upon r e i n ­
s p e c t i o n  d u r i n g  t h e  a f t e r n o o n ,  124 o f  
t h e s e  h o u s e s  were m o s q u i t o - f r e e .  Thus  a 
r e d u c t i o n  i n  p o s i t i v e  h o u s e s  from morning  
t o  a f t e r n o o n  o f  71 p e r c e n t  o c c u r r e d .  In  
th e  r e m a i n i n g  51 h o u s e s  i n  whi ch  mo squi ­
t o e s  s u r v i v e d  u n t i l  a f t e r n o o n ,  a t o t a l  o f  
97 m o s q u i t o e s  was c o u n t e d  i n  t h e  mornin g  
and 74 in  t h e  a f t e r n o o n  f o r  a r e d u c t i o n  
oi  o n l y  25 p e r c e n t .  No do u b t  the  e x p l a n a ­
t i o n  f o r  t h i s  p e r s i s t e n c e  i s  t h a t  t h e s e  
h o u s e s  were n o t  a d e q u a t e l y  s p r a y e d  s i n c e  
i t  has  been found t h a t  n o rm a l ly  fewer mos­
q u i t o e s  a r e  f o u n d  i n s i d e  h o u s e s  i n  t h e  
a f t e r n o o n  th a n  i n  the  morning.  The meager 
d a t a  we have  on t h i s  p o i n t  show s u c h  a 
r e d u c t i o n  o f  a b o u t  13 p e r c e n t .

I n c o m p l e t e  d a t a  on t h e  r e s u l t s  o f  th e  
r e s i d u a l  s p r a y  w o r k  i n  t h e  s e l e c t i v e  
k i l l i n g  o f  a n o p h e l i n e s  w hi ch  ha ve  t a k e n  
human b l o o d  m e a l s  as d e t e r m i n e d  by  p r e ­
c i p i t i n  t e s t s  show t h a t  o f  2 5 ,7 9 8  s p e c i ­
mens of  quadrimaculatus  c o l l e c t e d  on prem­
i s e s  w he re  t h e  h o u s e s  had b e e n  t r e a t e d

w i t h  EOT r e s i d u a l  s p r a y ,  o n l y  40 o r  0 . 2  
p e r c e n t  had fed  on humans, w h i l e  o f  6 ,5 0 9  
s p e c i m e n s  c o l l e c t e d  f rom p r e m i s e s  where 
the  houses  were u n t r e a t e d ,  74 or  1 .1  p e r ­
c e n t  had had human b lood  meals .  T h i s  f i n d ­
i n g  o f  1 . 1  p e r c e n t  human f e e d i n g s  among 
th e  unsprayed  premise  specimens as  a g a i n s t  
0.2 p e r c e n t  among sprayed  premise  specimens 
i s  h i g h l y  s i g n i f i c a n t  s t a t i s t i c a l l y .  By 
c h a n c e ,  s u c h  a d i f f e r e n c e  w ou ld  be  e x ­
p e c t e d  t o  o c c u r  i n  l i k e  s a m p l i n g s  l e s s  
t h a n  one t i m e  i n  20  m i l l i o n .

These  d a t a  i n d i c a t e  t h a t  the  p r o p o r t i o n  
of  t h e  A n o p h e le s  p o p u l a t i o n  c o n t a i n i n g  
human b l o o d  m e a l s  i s  82 p e r c e n t  l e s s  
a r o u n d  s p r a y e d  t h a n  a r o u n d  u n s p r a y e d  
p r e m i s e s .  Of c o u r s e ,  t h e  e f f e c t  o f  t h e  
s p r a y  work i n  l e s s e n i n g  m a l a r i a  can  o n l y  
be d e t e r m i n e d  from e p i d e m i o l o g i c a l  d a t a .  
H o w e v e r ,  i t  may be c o n c l u d e d  t h a t  t h e  
c h a n c e  f o r  m a l a r i a  t r a n s m i s s i o n  i n  t h e  
s p r a y e d  a r e a s  has  been  g r e a t l y  r e d u c e d  as  
a r e s u l t  o f  t h i s  h i g h l y  e f f e c t i v e  k i l l i n g  
o f  h u m a n - f e d  A no ph ele  s.


